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hticense.Abstract Objective: In this study, transthoracic echocardiography and cardiac magnetic reso-
nance were compared in terms of the detection, localization, characterization and extra cardiac
association of cardiac lesions to specify the value of adding CMR to TTE in diagnosing benign
intracardiac lesions.
Materials and methods: Twenty nine patients ranging in age between 7 months and 80 years were
enrolled in the study. Twenty ﬁve patients with suspected intracardiac lesions by TTE, in addition
four patients with accidentally discovered thrombi on CMR were added to the study.
Results: CMR detected 17 non neoplastic lesions and 11 neoplastic lesions. CMR changed the
diagnosis made by TTE in ﬁve cases, showed additional ﬁndings to TTE in three cases and was
superior to TTE in detecting four cases of cardiac thrombi.
Conclusion: CMR is superior to TTE in characterization of intracardiac lesions, detecting its site,
size, vascularity, hemodynamics and multiplicity of the lesion with high tissue contrast. Thus it
should be performed in all cases suspicious of cardiac masses as it could aid in patient management
and guide for surgery. Moreover it can prevent unneeded cardiac surgery in cases of benign non-
neoplastic lesions or in benign tumors with no hemodynamic signiﬁcance.
 2013 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Primary cardiac neoplasms are rare, occurring in only 0.001–
0.03% of patients in autopsy series. In all age groups, benign
primary cardiac neoplasms are more common than malignant
ones (1).
It is estimated that primary cardiac neoplasms are
100–1,000 times less prevalent than secondary neoplasm of
the heart. The most common primary cardiac neoplasm is
myxoma, which accounts for approximately half of all cases.
Other benign primary tumors include papillary ﬁbroelastomaProduction and hosting by Elsevier B.V.
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hemangioma, and lipoma (1).
The diagnosis and management of primary cardiac neo-
plasm have been greatly facilitated by the development of non-
invasive cardiac imaging. Transthoracic echocardiography
(TTE) is the primary modality for imaging intracardiac dis-
ease. It provides high-resolution and real-time images (2).
However, TTE suffers from several well-described limitations:
restricted ﬁeld of view; incomplete assessment of an invading
cardiac mass due to an unfavorable patient body habits; and
limited ability to perform tissue characterization (3).
A number of benign masses and normal anatomical vari-
ants can cause confusion to the inexperienced observer and
must be recognized to avoid unnecessary intervention. These
include intracardiac thrombus, bronchogenic and pericardial
cysts, and anatomical structures, such as the Crista terminalis
and moderator band (4).
Cardiac magnetic resonance (CMR) provides a noninvasive
and three-dimensional assessment of masses involving the car-
diac chambers, the pericardium, and the extracardiac struc-
tures. Therefore, it has become an established method for
the yielding of complimentary diagnostic information and to
guide surgeons in the design of an appropriate therapeutic
strategy. Furthermore, magnetic resonance imaging has a soft
tissue contrast superior to that of TTE allowing characteriza-
tion of tumor tissue (5,6).
In this study, TTE and CMR were compared in terms of the
detection, localization, characterization and extra cardiac
association of cardiac lesions to specify the value of adding
CMR to TTE in diagnosing benign intracardiac lesions.
2. Materials and methods
Twenty nine patients ranging in age between 7 months and
80 years (17 males and 12 females) were enrolled in the study.
Twenty ﬁve patients diagnosed as having intracardiac lesions
by TTE were prospectively studied. In addition four patients
with intracardiac thrombi missed on TTE and detected by
CMR were added to the study.
Eight were in the pediatric age group and the other twenty
one were adults. The study was conducted over one year start-
ing from May 2011 to May 2012. All patients were examined
by history taking, chest X-ray and clinical examination.
CMR was done within one week from TTE.
The study was approved by the ethics committee and verbal
consent was obtained from the patients or their guardians.
2.1. Clinical ﬁndings
Patients experienced variable symptoms and signs of: dyspnea,
murmur, respiratory distress, myocardial dysfunction, and
congestive heart failure.
2.2. Transthoracic echocardiography
Two dimensional TTE was performed using Hewlett Packard
(sonos 4500) with 8 or 4 mHz transducers for the pediatric
age group and 2 mHz for the adult group. The site, size, mobil-
ity, multiplicity and sonographic texture of masses were
documented.2.3. Magnetic resonance imaging
All patients were imaged by a Philips Gyroscan Intera 1.5 tesla
super conducting magnet using the cardiac coil and ECG
triggering.
Patients were examined in supine position; ECG leads and
respiratory trigger were applied and adjusted until a good sig-
nal is obtained. All patients were in sinus rhythm during the
examination. Children under 5 years were sedated using a reg-
ular dose of chloral hydrate which was well tolerated with no
reported side effects. Endotracheal intubation was not needed
in any case.
2.3.1. CMR protocol
Multiple stack surveys providing coronal, transverse and sag-
ittal images with consequent transverse, sagittal and coronal
views were taken in the following sequences:
Axial, sagittal and coronal T1 weighted images with TR/
TE = 600–750/25–30, Axial and coronal T2 weighted images
with TR/TE = 1300–1700/75–85, 156 · 256 matrix. Fat sup-
pression images were obtained in cases of suspected fatty le-
sions. Gradient echo sequences bFFE in axial and coronal
views were performed with TR/TE = 3.2/1.7, 215–256 · 256
matrix and 50 ﬂip angle, 5–8 mm slice thickness, 10–14 slice
numbers encompassing the heart and mediastinum with 300–
350 mm FOV according to the body dimensions was per-
formed for all patients. Triple IR was done in cases with sus-
pected myocardial abnormalities.
Post enhancement with intravenous gadolinium-based con-
trast material was performed for all patients (0.2 mm/kg) in
transverse, sagittal and/or coronal views.
2.3.2. Evaluation and interpretation of cardiac magnetic
resonance images
The site, size, mobility, multiplicity, extension and tissue char-
acterization by studying the signal intensity of the mass at dif-
ferent sequences were documented.
Lesions were categorized as neoplastic and non-neoplastic.
The tissue composition of a lesion was estimated based on the
signal characteristics and qualitatively scored as homogenous
or heterogeneous. In addition, in each sequence lesion signal
intensity was assessed qualitatively as hypo-, iso-, or hyperin-
tense with reference to the normal myocardium. Vascularity
of the lesion was determined by the degree and pattern of con-
trast enhancement.
Extracardiac structures such as the lungs, mediastinum,
great vessels, dorsal vertebrae and thoracic cage were visual-
ized to detect any associated condition.
3. Results
Twenty-ﬁve patients diagnosed as having intracardiac lesion
by TTE were studied in addition to four patients with myocar-
dial abnormalities and accidentally discovered thrombi by
CMR.
Chest X-ray demonstrated cardiomegaly, pericardial effu-
sion, and signs of heart failure while some showed no abnor-
mal ﬁndings. In one case of interventicular septum (IVS)
ﬁbroma there were associated vascular and vertebral
anomalies.
Table 1 Site and characters of intra cardiac benign neoplastic lesions by echocardiography and MRI.
Echocardiographic ﬁndings MRI ﬁndings Diagnosis No Site of the mass
T1wIs T2wIs Contrast Special
Hyperechoic Iso High ++ Rhabdomyomas 5 LV (n= 3), RV(n= 2)
Narrow stalk, hypoechoic Iso Hetero ++ Mobile with low
signal on bFFE
Myxomas 2 LA
Echogenic-heteroenous Iso intramural Low ——— Fibromas 2 IVS
Hypoechoic mass High High ———— —in fat supp. Lipoma 1 RA
Elongated, mobile Iso Low — —bFFE Fibroelastoma 1 Pulmonary valve
*Hetero = Heterogenous, iso = Isointense, IVS = Interventricular septum, LA= Left atrium, LV= Left ventricle ,RA= Right atrium,
RV= Right ventricle, bFFE= Balanced fast ﬁeld echo.
Table 2 Site and characters of intra cardiac benign non-neoplastic lesions by echocardiography and MRI.
Echocardiographic
ﬁndings
NO MRI ﬁndings Diagnosis No Site of the mass
T1wIs T2wIs Contrast Special
Hypoechoic 11 Iso Iso-low No Dark signal on
bFFE and IR
Thrombus 15 LV (n= 6), RV(n= 4) RA (n= 3), LA (n= 2)
Hypoechoic cyst 2 Low High No Hydatid 2 IVS
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lesions with no adequate tissue characterization of the lesions.
Nevertheless, TTE missed four intracardiac thrombi which
were associated with dysfunctional myocardium secondary to
myocardial infarction in three cases and myocardial inﬁltra-
tion in a case of Lofﬂer’s eosinophilia.
CMR detected the size, site, and vascularity of 28 intracar-
diac lesions and characterized them into neoplastic and non-
neoplastic lesions. CMR detected 11 cases of benign tumors
including: rhabdomyoma (n= 5), ﬁbroma (n= 2), myxoma
(n= 2), lipoma (n= 1) and ﬁbroelastoma (n= 1) (Table 1).
Benign tumors were characteristically homogenous, well
deﬁned with smooth edges and no evidence of inﬁltration to
the surrounding.
Seventeen cases of non tumoral lesions were diagnosed by
CMR including 15 cases of intracardiac thrombi and two cases
of hydatid cysts (Table 2).
Intracardiac thrombi were diagnosed on CMR by showing
isointense signal on T1, low signal on T2 weighted images,
characteristically low signal on both gradient echo and inver-
sion recovery sequences with no evident contrast enhancement
(Fig. 1). Three of these thrombi were mobile as two were at-
tached to the chorde tendini of the left ventricle (LV) and
one was attached to the interatrial septum.
Thrombi were of different sizes and locations; four were
found in the right ventricle, six in the left ventricle, three in
the right atrium and two within the left atrium (Table 2).
Three of the LV thrombi were on top of apical infarction
with CMR showing delayed enhancement, thinning on the wall
and akinesia of the anteroseptal wall and apex (Fig. 2).
Two of the RV thrombi were patients suffering from Beh-
c¸et’s disease. All cases of right atrial thrombi were either prop-
agated from a previous IVC thrombus or recurrent due to a
systemic embolic condition.
One of the LA thrombi was a small thrombus lying on top
of an enhanced myxoma.
Two of the patients suffering from Behc¸et’s disease were
initially discovered by CMR, since their primary ﬁnding wasan intracardiac mass by TTE while CMR detected additional
ﬁndings including the presence of bilateral parahilar pulmon-
ary artery aneurysms in one patient and a large left intrapul-
monary artery aneurysm in another one, hence raising the
possibility of Behc¸et’s disease. The third patient was a known
case of Behc¸et’s disease in which CMR discovered a right ven-
tricular subendocardial ﬁbrosis with thrombosis on top.
TTE diagnosed two interventricular septum (IVS) cysts.
CMR showed nonenhancing cysts, excluding the possibility
of cystic tumors. In addition CMR detected the presence of
associated hepatic cyst in one patient favoring the diagnosis
of hydatid disease (Fig. 3). One of them had a positive serology
test while the other was an isolated IVS hydatid cyst with –ve
serology test. Both cases were conﬁrmed by postoperative
pathology.
Five cases of rhabdomyomas were diagnosed in this study
showing isointense signal on T1 weighted images and relatively
high signal of T2 weighted images with homogenous contrast
enhancement. One of the cases showed multiple lesions within
the RV of which one was seen obstructing the right ventricle
outﬂow tract (Fig. 4). Two of these cases had associated tuber-
ous sclerosis.
The two cases of ﬁbromas were found in the interventricu-
lar septum showing low signal on T2 weighted images with no
enhancement (Fig. 5).
Myxomas were found in the left atria showing mobile low
signal mass on gradient echo with homogenous contrast
enhancement on post contrast study (Fig. 6).
Intraatrial lipoma was diagnosed on bases of being homo-
geneous with hyperintense signal on spin echo sequences,
behaving similar to subcutaneous fat in all sequences (Fig. 7).
3.1. CMR changed the echocardiographic diagnosis in the
following ﬁve cases
TTE diagnosed a four year old patient as having multiple
masses suspicious of rhabdomyomatosis. CMR proved it to
be a solitary intramural mass with a characteristic low T1
a b
c
Fig. 1 (a) Left atrial thrombus showing isointense signal on T1wIs within the dilated left atrium. (b) Axial bFFE showing a
characteristically dark signal of the thrombus (c) No evident of contrast enhancement within the thrombus on T1wIs.
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enhancement. Thus changing the diagnosis to a solitary IVS ﬁ-
broma (Fig. 5).
In a seven month old male child CMR changed the diagno-
sis from pulmonary valve vegetation into papillary ﬁbroelas-
toma of the pulmonary valve. CMR depicted a small 12 mmFig. 2 Patient with chronic myocardial infarction showing
transmural enhancement and thinning of the apex with thrombus
formation on IR sequences (arrow).elongated mobile mass at the pulmonary valve that was isoin-
tense in both T1 and T2 weighted images and low in gradient
echo sequences, showing no contrast enhancement (Fig. 8).
In one case which was diagnosed as right atrial cystic lesion
by TTE, CMR detected a huge pulmonary mass lesion com-
pressing the right atrium with no evident intracardiac mass
(Fig. 9).
TTE diagnosed three cases of cardiac myxomas on basis of
being mobile intra atrial mass, however CMR conﬁrmed the
diagnosis of only two cases and changed the diagnosis of the
third case into thrombus showing low signal on both T1 and
T2 weighted images with no contrast enhancement.
CMR changed the TTE diagnosis of a mass into a throm-
bus which was later conﬁrmed on surgery to be infected throm-
bi within the left ventricle.
CMR showed additional ﬁndings within the thorax that
altered the diagnosis in two cases with intracardiac masses
associated with pulmonary aneurysms, hence raising the possi-
bility of Behc¸et’s disease which was conﬁrmed later by clinical
and laboratory investigations.
CMR was superior to TTE in diagnosing four cases of left
ventricular thrombi on top of dysfunctional myocardium
which were missed by TTE.
Some of the cardiac masses were part of a systemic disease
such as Behc¸et’s disease and tuberous sclerosis, while some
were associated with myocardial disease.
ab
Fig. 3 (a) Pathologically proven intraventricular septum Hydatid cyst on T2wIs. (star within the cyst) (b) Sagittal and coronal b-FFE
images show the IVS hydatid cyst with associated hepatic cyst.
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the combined CMR and TTE; cases of hydatid cysts, one case
of myxoma, and the case of infected thrombus. All other cases
have undergone follow up by TTE or CMR where some
showed regression in size like rhabdomyomas and others com-
pletely disappeared like thrombi.Fig. 4 Sagittal postcontrast image showing a homogenously
enhancing large rhabdomyoma within the right ventricle obstruct-
ing its outﬂow tract in an 8 month old female with tuberous
sclerosis.4. Discussion
Cardiac tumors have a broad differential diagnosis and need to
be distinguished from non-neoplastic masses (7).
A relatively large review of primary cardiac neoplasms
demonstrated approximately 10% mortality in myxomas,
30% mortality in non-myxoma benign tumors, and 100%Fig. 5 Sagittal postcontrast image showing a nonenhancing
intramural ﬁbroma within the IVS.
a b
Fig. 6 (a) Left atrial mobile mass on bFFE suspicious of myxoma. (b) Post contrast enhancement of the mass diagnosing a left atrial
myxoma.
Fig. 7 A well deﬁned hyperintense signal mass within the right
atrium on T1wIs similar to the epicardial fat signal diagnosing
lipoma.
Fig. 8 A small elongated 12 mm lesion seen at the region of the
pulmonary valve in a 7 month old child on T1wIs denoting
ﬁbroelastoma.
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Thus, pre-surgical diagnosis should focus on determining
whether a tumor is benign or malignant (8).
TTE is considered the procedure of choice for diagnosing
intracardiac tumors. This technique is noninvasive and may
provide information on the size, mobility, shape, and location
of cardiac masses. However, it has the limitation of poor ech-
ogenicity in 30% of patients, absent tissue characterization
and poor evaluation of pericardium/extracardiac structures.
Moreover, Bone and lung interference remains a major limita-
tion of TTE and renders this real-time imaging technique sub-
optimal in patients with chronic obstructive pulmonary disease
or narrow rib spaces (9,10).
At present, CMR is deﬁnitely one of the preferred imaging
modalities in the evaluation of patients with suspected cardiac
masses (9).
Spin echo sequences provide detailed morphological infor-
mation of the heart, the great vessels and the adjacent struc-
tures (5).According to Hoffmann et al. (5); the major tasks of mag-
netic resonance imaging in diagnosing cardiac masses are: to
conﬁrm or exclude a mass suspected by X-ray or TTE, to as-
sess the location, mobility and its relationship to surrounding
tissues, to image the degree of vascularization, which allows
differentiation between benign and malignant masses, to dis-
tinguish solid from ﬂuid lesions, and to determine tissue char-
acteristics and the speciﬁc nature of a mass (11); all of which
were applied in this study.
4.1. Rhabdomyomas
Rhabdomyomas being the commonest cardiac tumor in early
childhood (12) were represented by ﬁve cases. Associated
tuberous sclerosis was found in two cases of rhabdomyomas,
while three of them showed regression in size on follow up
examination which were the most important differential fea-
tures from ﬁbroma according to Bader et al. (13).
Fig. 9 Axial b-FFE showing a huge right pulmonary mass
occupying the right lung, invading and compressing both atria.
The case was misdiagnosed by TTE as RA mass.
Does magnetic resonance imaging have a role in diagnosing benign intracardiac lesions 1734.2. Fibromas
Intracardiac ﬁbromas showed the same CMR ﬁndings as re-
ported by Kim et al. (6). None of them had associated gorlin
syndrome. Although one of them was a unique case of IVS
ﬁbroma associated with vertebral and vascular anomalies (per-
sistant left SVC, hypoplastic left pulmonary artery and inter-
rupted hepatic segment of the IVC). The patient had normal
CT and MRI of the brain, normal hands and genitalia with
no basal cell carcinomas, thus gorlin syndrome was excluded.
4.3. Myxomas
Two cases of cardiac myxomas were presented in this study;
both were in the left atrium in agreement with Grebenc et al.
(14).
4.4. Papillary ﬁbroelastoma
Since papillary ﬁbroelastoma is a rare cardiac benign tumor
(6) one case was diagnosed in a seven month old male infant
who had murmur on the site of pulmonary artery during
examination.
4.5. Nontumoral Masses
Since nontumoral masses usually require medical (or no) treat-
ment, accurate differentiation between the two conditions is
important.
4.6. Thrombi
Thrombi can be misinterpreted as a cardiac tumor on TTE
(15). However on CMR thrombus has a characteristically
low signal on gradient echo sequences with isointense or low
signal on T1 weighted images and low signal on T2 weighted
images with no contrast enhancement (9). Fifteen cases of
intracardiac thrombi were reported in which most of them
were misinterpreted as cardiac masses by TTE. However
CMR was relevant as the lesions did not enhance after contrast
administration and showed characteristic low signal on gradi-
ent echo and inversion recovery sequences (16).Left ventricular (LV) thrombus formation is a frequent
complication in patients with ischemic heart disease. Its recog-
nition and appropriate treatment remain important due to the
risk of systemic embolization, occurring in 613% of patients
(17). TTE missed three cases of small thrombi occurred on
top of dysfunctional left ventricles likely because apical throm-
bi are often difﬁcult to image, which is related to insufﬁcient
image quality and problems assessing the LV apex, especially
when aneurysmatic (near-ﬁeld probe) (17).
Few case reports (18,19) have being published before show-
ing the presence of cardiac thrombus associated with pulmon-
ary aneurysms in Behc¸et’s disease as was detected in this study.
Patients with Behc¸et’s disease showed mainly right sided
thrombi similar to those detected in the study conducted by
Mogulkoc et al. (20).
Although involvement of the heart by hydatid disease is
rare (21), two cases of IVS hydatid cysts were included in this
study. Due to the larger ﬁeld of CMR over TTE we could de-
tect the presence of associated hepatic cyst, favoring the diag-
nosis of hydatid disease.
This advantage of CMR also allowed us to accurately diag-
nose a case of huge pulmonary mass compressing the heart,
which was initially misdiagnosed by TTE as cystic right atrial
lesion.
Sarcomas are the second most common primary cardiac tu-
mors after myxomas and are encountered in adults with a
mean age of 40 years. The most common type of sarcomas
are angiosarcomas, frequently involving the right atrium.
Other sarcoma types are undifferentiated sarcomas, malignant
ﬁbrous histiocytoma and leiomyosarcoma affecting the left at-
rium. These tumors are diagnosed on MRI as heterogeneous
invasive masses with hemorrhage, necrosis, valvular destruc-
tion, extracardiac invasion and metastases (16).
Hence, CMR provides diagnosis of benign tumors, speciﬁes
their types, location, extension and also differentiates neoplas-
tic from non-neoplatic lesions; while it can suggest the presence
and extension of malignant masses without accurate speciﬁca-
tion of the type of tumor.
Cardiac masses are rare but can be well characterized and
often conﬁdently diagnosed with CMR, allowing the differen-
tiation between neoplastic and non-neoplastic masses, hence
facilitating the choice for medical or surgical treatment.
5. Conclusion
CMR is superior to TTE in characterization of the tumor,
detecting its site, size, vascularity, hemodynamics and multi-
plicity of the lesion with high tissue contrast. Thus it should
be performed in all cases suspicious of cardiac masses as it
could aid in patient management and guide for surgery. More-
over it can prevent unneeded cardiac surgery in cases of benign
non-neoplastic lesions or in benign tumors with no hemody-
namic signiﬁcance.
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